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ABTRACT
Tandem Addition/Fragmentation Reactions of Vinylogous Acyl Sulfonates
Kristen Sharon Nerbecki

Fragmentation methodology has been used in organic synthesis to produce complex
organic compounds. This work is focused on fragmentation reactions leading to the subsequent
construction of neopentylene-fused carbocycles, which are found in several important natural
products and are difficult to prepare. These are produced by utilizing an optimized fragmentation
methodology from the Dudley group. The methodologies build starting materials called
nonaflates and triflates with a gem-dimethyl substituent that is seen in many natural products.
Nonaflates and triflates are similar in structure, but nonaflates pose benefits that are an advantage
over triflates, like cost effective synthesis and more stable compounds. A large-scale synthetic
pathway was developed for 1,6-enynes which can be used for reaction discovery and targetoriented synthesis. 1,6-Enynes are also useful for cyclotrimerizations with various metal
catalysts. Optimization of the one pot nonaflation synthesis of 3,3-dimethyl-5-hexyn-1-ol is
important for natural product synthesis because 3,3-dimethyl-5-hexyn-1-ol is an ideal starting
material for multiple synthetic targets because it has the gem-dimethyl substituent from which
one can craft the neopentylene ring fusion into polycyclic target structures.
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Chapter 1. Large Scale Synthesis of Vinylogous Acyl Triflates in route to 1,6-enynes
1.1 Introduction
Since the 1960s vinyl triflates have been important building blocks for organic syntheses.
Vinyl triflates offer diversity with their ability to have different chemical reactivities that can be
exploited through synthesis of natural products. Specifically, vinylogous acyl triflates (VATs)
can be produced from a variety of 1,3-dicarbonyl compounds.
Vinylogous acyl triflates (VATs) can be readily accessed through multiple synthetic
approaches. The first most common approach utilizes a 1,3-dicarbonyl derivative and basic
conditions. This is a two-step approach, with the first step being enolization of 1,3-dicarbonyl
motif and the second step is trapping the formed ketoenolate with a triflating agent. The second
most common approach is done in one-step involving 1,3-dicarbonyl derivatives, mild bases, and
non-nucleophilic bases. The third and final common approach involves a formal addition of
sulfonic acids to an a-carbonylated alkyne to form the desired triflate.1 The first two approaches
can be used for any carbonyl derivative, while the third approach is specific to alkynes. These
approaches can be seen in Scheme 1. The synthetic approach that the Dudley group has chosen
to access vinylogous acyl triflates is shown in Scheme 2.
1. enolization
z= CH2-COR’ (R’=alkyl/aryl,
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Scheme 1. One and two-step approaches a-ketovinyl triflates.1
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Scheme 2. Synthesis of 5,5-Dimethyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (2)
The Dudley research group is focused on a vinylogous acyl triflate (VAT) that is produced from
the 1,3-dicarbonyl compound dimedone (1). Dimedone reacts with pyridine and triflic anhydride
to proceed through a base mediated deprotonization/enolization followed by triflation to produce
the desired product (2). Some synthetic applications used for vinylogous acyl triflates include
coupling reactions, nucleophilic additions/eliminations, and fragmentations.1
One synthetic application previously mentioned, elimination or E-2 reactions, is a major
route towards alkynes. Vinylogous acyl triflates easily undergo elimination reactions, but
sometimes if adjacent protons are available there will be a mixture of alkynes and allenes
(Scheme 3).1
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Scheme 3. Possible elimination pathways for the formation of alkynes or allenes.1
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Another synthetic application for vinylogous acyl triflates is fragmentation. The Dudley
group has optimized alkylation-fragmentation methodology utilizing vinylogous acyl triflates.2
This process is like the Eschenmoser-Tanabe fragmentation (Scheme 4) that utilizes the release
of nitrogen and a sulfinic acid to drive the fragmentation, but Dudley fragmentation uses ring
opening VATs that utilize enolate nucleophiles to drive fragmentation. VATs help synthesize
products that are not accessible using the Eschenmoser-Tanabe fragmentation, such as amides
and homopropargyl alcohols.2 VATs are readily available, and a broad range of nucleophiles can
be used for reactions. This tandem fragmentation methodology has utilized various 1,3-diketone
starting materials to produce VATs. In the Dudley fragmentation (Scheme 5) the 1,2-addition of
the a,b-epoxyketone reduces the ketone then adds a metal and R2 group to form an intermediate
first. Second, a proton transfer occurs and then it undergoes fragmentation. Fragmentation
produces the final product with the alkyne and carbonyl compound. This two-step conversion
can be used for a wide variety of differential functionalized substrates (Scheme 5).2
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Scheme 4. Eschenmoser-Tanabe Fragmentation.3

O

R2

O

OM

R1

R1

R2-M

R2

1,2 - addition

fragmentation

OTf

OTf

Scheme 5. Tandem fragmentation from Dudley group.2
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Continuing to improve on their methodology, the Dudley group expanded their methods
to tandem fragmentation/olefination reactions to produce 1,6-enyne hydrocarbons that are
difficult to prepare otherwise.4 To access hydrocarbon-tethered 1,6-enynes more efficiently,
vinylogous acyl triflate, VAT (2) must be reduced to vinylogous hemiacetal triflate (VHAT, 3,
Scheme 6). The reduction of the carbonyl moiety utilizing DIBAL-H gives the desired product
(3) that can undergo the fragmentation/olefination process. In Scheme 7, 3 undergoes a slow
base-promoted fragmentation to generate the aldehyde 4, that is immediately trapped by a
Horner-Wadsworth-Emmons (HWE) reagent. The reaction now has a slow steady-state
concentration that suppresses the aldehyde oligomerization to favor the desired olefination even
though HWE olefination under basic conditions is not typically efficient.4
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Scheme 6. Synthesis of 3-Hydroxy-5,5-dimethylcyclohex-1-en-1-yl trimfluoromethanesulfonate(3)
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Scheme 7. Ring opening fragmentation.4

This process of accessing 1,6-enyes does not respond well with Wittig reagents because
the ability to generate E- and Z-alkenes selectively under mild conditions is an advantage of
phosphonates (HWE reagent) as an olefination reagent rather than phosphorane (Wittig
reagents).2 This tandem/olefination process gives overall very high yields because of the slow
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generation of the aldehyde that immediately traps the HWE reagent shown in Scheme 7. The
aldehyde intermediate is unstable in basic conditions, but with the tandem process allows the
base-mediated olefination to occur and produce high yields (>80%) of the 1,6-enyne.4 Accessing
these 1,6-enynes is important because of the gem-dimethyl substituent that is seen in several
natural products like neoprofen, fomajorin D, and illudalic acid.

1.2 Results and Discussion
Neopentyl-tethered 1,6-enynes are valuable compounds for reaction discovery and targetoriented synthesis. They are important for natural product synthesis and for accessing a chemical
structure space that is missing in synthetic pharmaceutical libraries. A large-scale synthesis of
neopentylene-tethered 1,6-enynes can lead to advances in target-oriented synthesis and creates
opportunities for drug discoveries.4 To produce 1,6-enynes, a multistep starting material
synthesis must occur first. VHAT, 3, is the key starting material to get to compound 5 in the
tandem fragmentation/olefination synthesis. To access VHAT, VAT needs to be reduced first.
Starting from 1 (Scheme 8), 2 can be made by reacting with pyridine and triflic anhydride.
Pyridine promotes a base mediated deprotonization/enoization through the ketone at carbon 3.
Triflic anhydride then promotes triflation of intermediate 6 to give the desired product 2. At large
scale, 15 g of the starting material 1, this reaction has product yields of 96%-98%.
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Scheme 8. Proposed synthetic route to 2
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The 1H NMR spectrum of 2 in CDCl3 show a singlet at δ 1.13 attributable to the gemdimethyl carbons on C5 in the ring structure. The two hydrogens at C6 appear at δ 2.30 as a
singlet and the two hydrogens at C4 appear at δ 2.53 as a singlet. The last hydrogen on the ring at
C2 appears at δ 6.05 as a singlet that is downfield shifted due to being deshielded from the
alkene.
The next step of getting to 1,6-enynes is 3. As mentioned, 3 is a key starting material in
producing 1,6-enynes shown in scheme 9. 2 is reacted with diisobutylaluminum hydride,
DIBAL-H, to form intermediate 7 which is reduced to 3. At a large scale starting with 28g of 2,
compound 3 is made in 94-95% yield. 1H NMR confirms the structure of 3 in CDCl3 showed two
separate singlets δ 0.98 and at δ 1.09 attributable to the gem-dimethyl carbons on C5 in the ring
structure. The single hydrogen on C1 appears at δ 4.52 – 4.37 as a multiplet and the hydrogen at
C2 appears at δ 5.80 as a singlet that is downfield shifted due to being deshielded from the
alkene.
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Scheme 9. Proposed synthetic route to 3
As mentioned earlier, neopentylene-tethered 1,6-enynes are valuable compounds for
reaction discovery and target-oriented synthesis.4 The cyclic structure of the ring opening
fragmentation of 4 happens in concert with a Horner-Wadsworth Emmons (HWE) of aldehyde 4
(Scheme 10). One downfall of the aldehyde intermediate is that it’s not stable in basic reaction

6

conditions but its slow release by Grob-type anionic fragmentation in the presence of the
metalated HWE reagent allows for a high yielding olefination.5
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Scheme 10. Proposed synthetic route to 5
The resulting compound 5 has a tethered alkyne and electron-deficient alkene which makes this
compound a good potential for exothermic (cyclo)additions and (cyclo)isomerization reactions.
At a large scale starting with 7.7 g of 3, compound 5 is made in a 95%-98% yield. 1H NMR
confirms the structure of 5 in CDCl3, a singlet at δ 1.01 attributable to the gem-dimethyl
hydrogens on C5 in the ring structure. The single hydrogens on C2 and C3 appear at δ 5.85 and
6.94 both as doublets of triplets and are downfield shifted due to the deshielding of the alkene.
Two hydrogens of the ester appear at δ 4.18 as a quintet.
1.3 Conclusion
Neopentylene tethered 1,6-enynes can be made at large scale with very high yields in
three steps from dimedone. This is important because there is a gap in pharmaceutical libraries
where natural product synthesis is lacking and where 1,6-enynes can fill that gap. The important
starting materials in this three-step synthesis 2 and 3 were confirmed by 1H NMR. The Dudley
group’s tandem fragmentation/olefination that was inspired by the Eschenmoser-Tanabe
fragmentation has proven to be successful for these compounds.

7

1.4 Experimental
Glassware was dried in an oven (125°C) at least overnight. All reactions were conducted
under a dry nitrogen atmosphere. 5,5-Dimethyl-1,3-cyclohexanedione (dimedone, 99%) and
trifluoromethanesulfonic anhydride (99%) were purchased from Acros Organics and SynQuest
Laboratories. Pyridine (99.5%, extra dry) was purchased from Acros Organics as an AcroSeal
bottle and used without further purification. Methylene Chloride (HPLC Grade) was purchased
from Fisher Scientific and purified via a Pure Process Technology solvent purification system.
Ethyl ether (anhydrous, ACS Grade) was purchased from Fisher Chemical. Na2SO4 was
purchased from VWR International. Diisobutylaluminium hydride, a 1.0 M solution in toluene,
was purchased from Aldrich Chemistry. N-Butyl lithium (1.6 M in hexanes) was purchased from
Sigma-Aldrich as a Sure Seal bottle. The TLC plates were purchased from Analytical Chemical
(TLC Silica Gel 60, Glass Plates 20 x 20cm, cut into 1.27cm square) and visualized using
anisaldehyde stain. 1H NMR (400 MHz) and 13C NMR (400 MHz) spectra were recorded using
CDCl3.
Synthesis of 5,5-Dimethyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate
To a round bottom flask, 5,5-dimethyl-1,3-cyclohexanedione (1) (15.0 g, 0.107 mol), pyridine
(17.2 mL, 0.214 mol) and methylene chloride (435 mL, 0.2 M) under a nitrogen atmosphere. The
reaction was stirred and cooled to -83°C for 20 minutes. Trifluoromethanesulfonic anhydride
(19.8 mL, 0.118 mol) was added dropwise via the addition funnel over 15 minutes, following the
addition of the reagent 100 mL of methylene chloride was added via the addition funnel. The
mixture was stirred at 83°C for 20 minutes and allowed to warm to room temperature to stir for
90 minutes. The reaction was quenched with HCl and extracted with diethyl ether (3 x 150 mL).
The organic phases were combined and dried over 150 g Na2SO4 and filtered via gravity
8

filtration. The product was then purified using silica gel chromatography (0-10% eluent mixture
of EtOAc/hexanes) to yield 96-98% (28.0-28.4 g) of 2 as a yellow oil. 1H NMR (400 MHz,
CDCl3) δ 6.05 (s, 1H), 2.53 (s, J = 1.5 Hz, 2H), 2.30 (s, 2H), 1.13 (s, 6H).; 13C NMR (100 MHz,
CDCl3) δ 197.6, 166.1, 120.1, 118.4, 116.9, 50.6, 42.4, 33.4, 28.1.
Synthesis of 3-Hydroxy-5,5-dimethylcyclohex-1-en-1-yl trimfluoromethanesulfonate
To a round bottom flask, (2) (28.0 g, 0.103 mol) and THF (311 mL, 0.25M) were stirred at -83°C
for 10 minutes under a nitrogen atmosphere. Diisobutylaluminium hydride (123 mL, 0.123 mol)
was added via addition funnel dropwise over 30 minutes and an additional 100 mL of THF was
added. This mixture was stirred for 20 minutes, then allowed to warm up to room temperature
and stirred for an additional 90 minutes. The reaction was cooled to 0°C then quenched with
ethyl ether (300 mL), distilled water (5 mL), 15% NaOH (5 mL), and more distilled water. The
mixture was warmed to room temperature and stirred for 20 minutes then an additional 20 g of
MgSO4 was added, and the solution was filtered via vacuum filtration. The product was then
purified using silica gel chromatography (0-10% eluent mixture of EtOAc/hexanes) to yield 9495% (26.5-26.8 g) of 4 as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 5.80 (s, 1H), 4.52 – 4.37
(m, 1H), 2.27 (d, J = 17.5 Hz, 1H), 2.02 (d, J = 17.3 Hz, 1H), 1.83 (dd, J = 13.0, 6.0 Hz, 1H),
1.33 (dd, J = 13.1, 8.9 Hz, 1H), 1.09 (s, 3H), 0.98 (s, 3H)., 13C NMR (400 MHz, CDCl3) δ 149.9,
129.1, 128.3, 125.4, 120.3, 65.7, 60.5, 44.3, 41.2, 32.3, 30.6, 26.1.
Synthesis of ethyl (E)-5,5-dimethyl-oct-2-en-7-ynoate
To a flask containing THF (200 mL) diisopropylamine (8.3 mL, 59 mmol) was added and cooled
to -78°C. Once cooled, n-BuLi (36.8 mL, 59 mmol, 2.1 equiv) was added dropwise and stirred
for 20 minutes, warmed to room temperature for 30 minutes, and then cooled back to -78°C. 4
9

(7.7 g, 28 mmol) and triethyl phosphonoacetate (6.1 mL, 31 mmol) were added sequentially and
stirred for 20 minutes, heated to room temperature for 30 minutes, and then heated to 60°C for 2
hours. TLC was checked for starting material consumption. The reaction was cooled to room
temperature and quenched with aqueous NH4Cl. The mixture was extracted with diethyl ether,
and the organic layer was washed with water and dried over MgSO4. The product was then
purified using silica gel chromatography (0-10% eluent mixture of EtOAc/hexanes) to give a
yellow-tinted oil with a yield of 95%. 1H NMR (400 MHz, CDCl3) δ 1.00 (s, 6H), 1.28 (t, J = 7.1
Hz, 2H), 2.00 (s, 1H), 2.08 (dd, J = 7.9, 1.5 Hz, 2H) 2.22 (d, J = 1.8, 1H) 4.18 (q, J = 7.1 Hz,
13

2H) 5.85 (dt, J = 15.6, 1.4 Hz, 1H) 6.94 (dtd, J = 15.8, 8.0, 1.6 Hz, 1H)., C NMR (400 MHz,
CDCl3) δ 166.52, 145.63, 124.11, 81.89, 70.37, 60.33, 43.66, 34.26, 31.73, 26.48, 14.37.

Chapter 2. Synthesis of Vinylogous Acyl Nonaflates to 3,3-dimethyl-5-hexyn-1-ol
2.1 Introduction
Vinylogous acyl nonaflates, like triflates, can undergo a nucleophilic tandem
fragmentation reaction to generate functionalized alkynes. Some benefits of using nonaflates
opposed to triflates for this tandem fragmentation process is that nonaflates are more cost
effective. Nonaflates are more stable than triflates, and they also have comparable if not greater
levels of reactivity.6

O

O
O
O

O
S

O
CF3

O

O
S

CF2CF2CF2CF3

Figure 1. Comparison of vinylogous acyl triflate and vinylogous acyl nonaflate6
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Vinylogous acyl nonaflates are more electron withdrawing than triflates because of the
fluorinated alkyl chain and sulfonyl substituent that assists in making the moiety an effective
leaving group.6 This allows nonaflates to have comparable yields to triflates because the adjacent
carbons have a decreased electron density.7 Nonaflates are also generally easy to isolate, opposed
to triflates, and they proceed similarly to triflates through the tandem fragmentation process. 8

O
F

S

(CF2)3CF3

O

Figure 2. Perfluoro-1-butane sulfonyl fluoride
Perfluoro-1-butane sulfonyl fluoride, NfF, (Figure 2) is an industrially produced
precursor for nonaflate reactions and is very cost effective compared to triflates. It can be utilized
for its “two-fold” reactivity in a synthesis as both the sulfonating and fluorinating agent. The
added benefit of using NfF is that it is bench stable for long term periods of time.9 The use of this
precursor reagent can be seen in Scheme 11, which is the generalized procedure to produce
nonaflates. This methodology was developed by Reissig and Hünig.9,10,11,12 A TMS enol ether is
first produced in situ followed by the addition of the sulfonylating agent and a catalytic fluoride
agent. This allows the TMS group to be substituted by the nonaflyl (ONf) group.9,10,11,12
Subsequent research has shown that nonaflates also readily react in several palladium catalyzed
reactions, similar to their triflate analogues.9,10,11,12 Lyapkalo and coworkers showed that a onepot nonaflation of keto aldehydes forms the desired terminal alkyne when reacted with NfF and
retains the keto group with good yields (Scheme 12).13

11
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Scheme 11. Generalized procedure to produce nonaflates.9,10,11,12
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O

Scheme 12. One pot nonaflation using a phosphine base to produce 6-heptyn-2-one13

The nonaflate that is of interest for this project is a dimedone derivative that has the gemdimethyl substituent in Scheme 13, compound 10. This is because nonaflates can be a gateway to
a one pot synthesis to alkyne tethered primary alcohols as seen in Scheme 14. Compound 11 is
an ideal starting material for multiple synthetic targets, because just like 1,6-enynes it has the
unique gem-dimethyl substituent that is seen in several natural products and drug derivatives,
like neoprofen, fomajorin D, and illudalic acid.
O

O
HMDS, imidizole
NfF, CsF

1

O

10

ONf

Scheme 13. Synthesis of 5,5-Dimethyl-3-(1,1,2,2,3,3,4,4,4-nonafluorobutylsulfonyloxy)-2cyclohexen-1-one
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Scheme 14. Synthesis of 3,3-dimethyl-5-hexyn-1-ol

2.2 Results and Discussion
Nonaflates have proven to be able to undergo fragmentation comparatively to triflates.
They have become an interest to the Dudley group because nonaflates can be made from a
familiar starting material in the Dudley group, dimedone. These nonaflates have the same
characteristic of a gem-dimethyl substituent that is seen in several natural products and drug
derivatives as seen in Scheme 15.
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CsF, NfF
THF

1

O

OTMS

12

10

ONf

Scheme 15. Proposed synthetic route of 10
To be able to utilize a one-pot synthesis of nonaflates to achieve alkyne tethered primary
alcohols, vinylogous acyl nonaflate or VAN 10, needs to be produced from dimedone 1.
Hexamethyldisilazide (HMDS) and imidazole deprotonate the ketone at C3 and a trimethylsilyl
attaches, 12. This intermediate undergoes nonaflation with cesium fluoride and perfluoro-1butane sulfonyl fluoride to form 10. Starting with 6 g of 1, compound 10 yields a yellow oil in
82% yield. The 1HNMR spectrum of 10 in CDCl3 show a singlet at δ 1.11 attributable to the
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gem-dimethyl carbons on C5 in the ring structure. The four hydrogens on C4 and C6 appear at δ
2.29 and 2.52. The last hydrogen on C2 appears at δ 6.06 as a singlet and is deshielded due to the
alkene.
Developing a synthetic route for a one pot nonaflation to achieve alkyne tethered primary
alcohols has been challenging and low yielding. The one pot nonaflation synthesis is a simple
reaction utilizing lithium triethylborohydride and heat to achieve the desired product 11 in
Scheme 16. The challenges arise with the right reaction time, temperature, equivalences of
lithium triethylborohydride and the alcohol being very polar and attracted to water.
O

O

OH

H

LiBHEt3
THF
10

ONf

13

11

Scheme 16. Proposed synthetic route to 11
The first attempts to synthesize 11 afforded low yields, these reactions took place at
60°C, 80°C, and 100°C with conventional heating for 2-3 hours, 2 equivalence of lithium
triethylborohydride and all these first syntheses yielded 11 in 30-35% yields. Since this approach
was not giving high yields a new set of reaction conditions was set forth. The first change was to
the temperature and time. Temperature was changed to 100°C and time changes from 5-16 hours
were attempted and the yield showed subtle changes. After the subtle changes to the yields,
variable lithium triethylborohydride equivalences were attempted along with varying times,
while the temperature remained at 100°C and one reaction stood out from the rest at 16 hours
and 3 equivalences of lithium triethylborohydride, at 42% yield.
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Since there was a 10% yield difference with these new reaction conditions, we tested a
different way of heating the reactions than conventional heating since the boiling point of THF is
66°C and the reactions were heated to 100°C. Microwave assisted heating played a key role in
the synthesis of 11. This allowed for the reaction to be heated to 100°C without having an issue
with the solvent boiling point, which in return yielded significantly higher yields of 55-65%. The
next challenge for this synthesis was the polarity of 11 and its ability to bind to water, therefore
the extraction process proved a challenge. Several different types of extraction methods were
attempted, but the best overall yield was achieved with ethanol and solid NH4Cl because no
water is introduced in the extraction process, affording an 89% yield.
This one pot nonaflation synthesis shown in Scheme 16 proceeds through the same
fragmentation process as the triflates do and can afford high comparable yields under the right
reaction conditions. 1H NMR confirms the structure of 11 in CDCl3 with a singlet at δ 1.01
attributable to the gem-dimethyl hydrogens on C3. The triplet at δ accounts for the hydrogen on
the alkyne. Another triplet at δ 3.72 accounts for the hydrogens on C1 next to the OH.
2.3 Conclusion
Nonaflates can undergo fragmentation like triflates which poses many advantages like
cost effective syntheses, more stable starting materials, and in some cases higher yields than
triflates. This is important for natural product synthesis because 11 is an ideal starting material
for multiple synthetic targets, and it has the unique gem-dimethyl substituent. 1H NMR confirms
the structures of compounds 10 and 11.
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2.4 Experimental
Glassware was dried in an oven (125°C) at least overnight. All reactions were conducted
under a dry nitrogen atmosphere. 5,5-Dimethyl-1,3-cyclohexanedione (dimedone, 99%) and
trifluoromethanesulfonic anhydride (99%) were purchased from Acros Organics. Imidazole was
purchased from Acros Organics. Hexamethyldisilazane was purchased from TCl America.
Cesium fluoride (99%) was purchased from TCl America. Perfluoro-1-butanesulfonyl fluoride
(96%) was purchased from Sigma-Aldrich. Na2SO4 was purchased from VWR International.
Lithium triethylborohydride in THF was purchased from Sigma-Aldrich. Perfluoro-1butanesulfonyl fluoride NH4Cl was purchased from Fisher Scientific. The TLC plates were
purchased from Analytical Chemical (TLC Silica Gel 60, Glass Plates 20 x 20cm, cut into
1.27cm square) and visualized using anisaldehyde stain. 1H NMR (400 MHz, 600 MHz) and 13C
NMR (400 MHz) spectra were recorded using CDCl3.

Synthesis of 5,5-Dimethyl-3-(1,1,2,2,3,3,4,4,4-nonafluorobutylsulfonyloxy)-2- cyclohexen-1one
To a suspension of dimedone (1 g, 7.13 mmol,), imidazole (0.291 mg, 4.28 mmol), and HMDS
(5.3 mL, 25 mmol) were added at room temperature. The mixture was heated to 130°C for 3
hours. The reaction was warmed to room temperature and excess HMDS was distilled off at
80°C under reduced pressure, 25 inHg (12.3 psi). This produced a crude TMS-enol ether that
was used without purification. THF (0.5 M) was added and the solution was cooled to 0°C and
the CsF (329 mg, 2.2 mmol) was added. The solution was stirred for 10 minutes at 0°C and then
perfluoro-1-butanesulfonyl fluoride (3.6 g, 12 mmol) was added dropwise. The mixture was then
warmed to room temperature and stirred overnight. The reaction was quenched with 3 M HCl
16

and extracted with EtOAc. The organic layer was washed with brine and dried with Na2SO4. The
product was then purified using silica gel chromatography (10-20% eluent mixture of
EtOAc/hexanes) to give the final product of a light-yellow oil that yielded 70%. 1H NMR (600
MHz): δ = 1.11 (s, 6H), 2.29 (s, 2H) 2.52 (s, J = 1.6 Hz, 2H,) 6.06 (s, 1H)
Synthesis of 3,3-dimethyl-5-hexyn-1-ol
To a flask containing 11 (150.2 mg, 0.356 mmol) THF (1.4 mL) was added. The solution was
cooled to -78℃ for 10 minutes. Lithium triethylborohydride (0.628 mL, 1.07 mmol) was added
dropwise to the solution and stirred for an additional 10 minutes. The reaction was warmed to
0℃ and stirred for 10 minutes, then at room temperature for 20 minutes. The solution was placed
into a Discover SP/Explorer 48 system microwave instrument and heated to 100℃ for 16 hours.
The reaction was then quenched with ethanol and solid NH4Cl. The product was then purified
using silica gel chromatography (0-20% eluent mixture of EtOAc/hexanes) to give a yellow
tinted oil with an 88% yield. 1H NMR (400 MHz, CDCl3) δ 1.01 (s, 6H), 1.09 (br s, 1H), 1.64 (t,
J = 7.3 Hz, 2H), 2.00 (t, J = 2.7 Hz, 1H), 2.12 (d, J = 2.7 Hz, 2H), 3.72 (t, J = 7.3 Hz, 2H) 13C
NMR (400 MHz, CDCl3) δ 27.0, 32.0, 32.6, 43.5, 59.7, 70.1, 82.2.
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